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Abstract—Today, many models for describing vehicle movement 
have been developed. Most of the available methods for modeling 
the vehicle movement in traffic assume that vehicles move on lanes 
disciplines.  Meanwhile, in developing countries the traffic was 
heterogeneous, which means there are many types of vehicles. In 
developing countries, each vehicles usually did not move based on 
lane disciplines, they move irregularly with unpredictable behavior. 
The vehicles used to move based on the empty space around them 
in order to make their travel time faster.  Lately, research on 
modeling the irregular movement of vehicle using Social Force 
Model approached have been developed, especially for mixed 
traffic condition in developing countries. This paper will explain 
about the basic concept of Social Force Model theories and also will 
give a review and comparison of existing the vehicle movement 
model using Social Force Model in mixed traffic condition. Based 
upon the review and comparison, some practical issues such as 
adding some new parameters (driver’s psychology, crowd situation 
factor, environmental, driver distraction, etc.) to improve the 
accuracy and reliability of vehicle movement model will be 
presented as a contribution from this paper.   
 
Keywords—social force model; vehicle movements; mixed traffic. 
I.  Introduction  
Many models for describing the vehicle movements have 
been developed in the last few decades to capture a better 
understanding about the traffic phenomena. This modeling can 
give us to demonstrate how drivers use the road network and 
react to each other in any given situation. Most of the available 
methods for the modeling the vehicle movement in traffic 
assume that vehicle move on lane disciplines. In developing 
countries which mostly belongs to heterogeneous traffic, each 
vehicle usually did not move based on lane disciplines, they 
move irregularly with unpredictable behavior. The vehicle used 
to move based on the empty space around them in order to make 
their travel time faster.  
Recently, the research about heterogeneous traffic (mixed 
traffic) have been developed by various methods and 
approaches. In the mixed traffic stream like in Indonesian traffic, 
each type of vehicle perform specific behavior pattern that are 
generally complex. Furthermore, these traffic also make some 
crowd or chaotic situation at certain times.  When traffic become 
crowd and hectic, the behavior of driver also become erratic and 
the vehicle movement will be drive unpredictable. There are 
many methods to modeling the vehicle movement in crowd 
situation, such as Rule Based Model, Cellular Automata and 
Social Force Model.  
Ruled Based Model could be well implemented for 
describing the vehicle movement in mixed traffic condition for 
low density only. When the density become higher, the 
simulation result will showed unrealistic manner. Meanwhile, 
Cellular Automata  (CA) can modelled the vehicle movement 
better than Rule Based Model. Lawrence and Chiung-Wen 
(2003) try to modeled the motorcycles’ driving behavior in 
mixed traffic flow. However, using CA model to explain moving 
behavior of vehicle in the mixed traffic stream seems 
inappropriate because the rules updating positions and speed of 
the subject motorcycle were fixed. As aforementioned about 
crowd traffic, the vehicle in mixed traffic can move by erratic 
manner just by seeing the empty space around them. Thus, using 
fixed ruled to express their moving behavior is unreasonable. 
Furthermore, such methods are not applicable in depicting the 
mixed traffic performance since there are a lot of conflicts and 
interaction among many vehicles.  
In the early 2000s, Social Force Model (SFM) was 
developed for describing vehicle movement in mixed traffic 
condition. Several literatures quite successful for describing the 
vehicle movement in mixed traffic [3][5][6][8][10]. These 
literatures will be presented briefly in the next section. However, 
modeling vehicle behavior in the real world is very complex due 
to so many factors which will influenced it. Therefore, it is very 
important to have a comprehensive understanding about Social 
Force Model theory and their implementation in order to build a 
mixed traffic model for Indonesian traffic in particular.  
  The rest of this paper is organized as follows. Section II 
describes the details of concept Social Force Model with their 
equations. Section III is devoted to reviewing and comparing the 
existing vehicle movement models in mixed traffic condition 
based on Social Force Model to provide a better understanding 
of the state-of-the-art Social Force Model research. Based upon 
the review and comparison, modeling challenges that could be 
addressed to improve the accuracy and reliability for modeling 
vehicle movement are presented and discussed in Section IV.  
II. Concept of Social Force Model 
Social Force Model (SFM) is a methods developed by 
Helbing (1995) for describing the behavior of pedestrian, 
particularly in crowd and hectic situations. In these presented 
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model of pedestrian behavior, several force term are essential: 
first, a term describing the acceleration towards the desired 
velocity of motion; second, term reflecting that a pedestrian 
keeps a certain distance to other pedestrians and borders; third, a 
term modeling attractive effects [7].  Relative to other models, 
SFM describe pedestrian behavior more realistically, and they 
are designed to be as simple as possible [4]. Each pedestrian is 
represented by a circle with its own diameter and the model 
describes continuous coordinates, velocities, and interactions 
with other objects. 
Pelechano [4] show the detail explanation about SFM which 
developed by Helbing. In Helbing Models, pedestrians 1 ≤ 𝑖 ≤
𝑁 of masss 𝑚𝑖 like to move with a certain desired speed 𝑣𝑖
0 in a 
certain direction 𝑒𝑖
0, and they tend to adapt their instantaneous 
velocity 𝑣𝑖 within a certain time interval 𝜏𝑖. At the same time, 
the each pedestrian not only try to keep a distance from other 
individuals 𝑗 using interaction force 𝑓𝑖𝑗, but also from the walls 
𝑤 using interaction forces   𝑓𝑖𝑤. The change of velocity in time 𝑡 
is given by the acceleration equation: 
 
 
 
 
While the change of position 𝑟𝑖(𝑡) is given by the velocity 
𝑣𝑖(𝑡 =
𝑑𝑟𝑖
𝑑𝑖
). This model describes the psychological tendency of 
two pedestrians 𝑖 and 𝑗 to stay away from each other by a 
repulsive interaction  force 𝐴𝑖  exp [
𝑟𝑖𝑗−𝑑𝑖𝑗
𝐵𝑖
]𝑛𝑖𝑗, where 𝐴𝑖 and 
𝐵𝑖  are constants.  Constants 𝐴𝑖 and 𝐵𝑖  represents amplitude or 
magnitude of the repulsive force. The distance between the 
pedestrians center of mass is 𝑑𝑖𝑗 = ‖𝑟𝑖 − 𝑟𝑗‖, and 𝑛𝑖𝑗 =
(𝑛1𝑖𝑗 , 𝑛2𝑖𝑗) = (𝑟𝑖 − 𝑟𝑗)/𝑑𝑖𝑗 is the normalized vector pointing 
from pedestrian 𝑗 to the pedestrian 𝑖. The pedestrians touch each 
other if their separation distance 𝑑𝑖𝑗  is smaller than the sum 
𝑟𝑖𝑗 = (𝑟𝑖 + 𝑟𝑗) of their radii 𝑟𝑖  and 𝑟𝑗. If this is the case, then two 
additional forces are assumed inspired by granular interactios, 
which are essential for understanding the  particular effects in 
panicking crowds: a “body force” 𝑘(𝑟𝑖𝑗 − 𝑑𝑖𝑗)𝑛𝑖𝑗 counteracting 
body compression and a “sliding friction force” 𝒌(𝑟𝑖𝑗 −
𝑑𝑖𝑗)∆𝑣𝑖𝑗
𝑡 𝑡𝑖𝑗 impeding relative tangential motion, if pedestrian 𝑖 
comes close to 𝑗. The tangential direction is 𝑡𝑖𝑗 = (−𝑛2𝑖𝑗 , 𝑛1𝑖𝑗) 
and ∆𝑣𝑡𝑖𝑗 = (𝑣𝑗 − 𝑣𝑖)𝑡𝑖𝑗 is the tangential velocity difference. 
These two terms are merely gives effect to the motion of 
particles at the time of the particles will be in physical contact 
that is controlled by the function 𝑔(𝑥). The weights 𝑘 and 𝑘 
represent large constants. This formulation yields: 
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Where the function 𝑔(𝑥) = 𝑥 if the pedestrians touch each 
other (𝑑𝑖𝑗 < 𝑟𝑖𝑗) and is otherwise zero. This statement means 
that when 𝑟𝑖𝑗 < 𝑑𝑖𝑗, both particles there is no physical contact 
with one another, the value of 𝑔(𝑥) = 0 and the two terms had 
not gave the effect on particle movement. Different when the 
opposite, 𝑟𝑖𝑗 > 𝑑𝑖𝑗, 𝑔(𝑥) = 1  and the second term will give 
effect to the motion of particles. 
Constants 𝐵𝑖  determines how concerned for the value of a 
particle at the same time of interaction with other particles based 
separation distance (safe distance). In the simulation, Helbing 
try to figure out the interpretation of 𝐵𝑖 . Helbing took 0.08 for 𝐵𝑖  
value whose effects can be seen in Figure 1. 
 
 
Figure 1. Varians of Parameters 𝐵𝑖  [10] 
 
From the chart above, it can be seen that the 𝑥-axis 
represents the distance between two particles and 𝑓 is the force 
generated in the 𝑦-axis. In the graph it can be seen that the effect 
of changes in the value of 𝐵𝑖 . The red line on the graph 
represents the value 𝐵𝑖   small, and the green line shows the value 
𝐵𝑖   greater. From the graph it can be stated that the greater the 
value 𝐵𝑖   will show the style to draw closer to other particles 
without having to feel the worries beforehand with other 
particles. At a distance of more than 0.5 meters particles 
resulting effect is negligiparticularble force. Two people do not 
seem to have a tendency to increase their distance from each 
other when a sufficient distance is more than one meter 
estimates it already can be called both the particles apart. 
Increasing the value of this constant is basically will increase 
awareness of particles to one another. 𝐴𝑖 constant value can be 
chosen to represent the values relating the power of reason when 
the two particles are in direct contact with each other or when 
𝑟𝑖𝑗 − 𝑑𝑖𝑗 = 0. Helbing took 2 × 10
3 N for 𝐴𝑖 in his simulation. 
The interaction with the walls is treated analogously. If  𝑑𝑖𝑤   
is the distance of the wall 𝑊, 𝑛𝑖𝑤  denotes the direction 
perpendicular to it, and 𝑡𝑖𝑤 the direction tangential to it, the 
corresponding interaction force with the wall is given by: 
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Pedestrians are sometimes attracted by other persons (friends, 
street artist, etc.) or objects (e.g. windows displays). These 
attractive effects 𝑓𝑖𝛼 at places 𝑟𝛼 can be modelled by attractive, 
monotonic increasing potentials 𝑊𝑖𝛼(‖𝑟𝑖𝛼‖, 𝑡) in a similar way 
like the repulsive effects: 
𝑓𝑖𝛼(‖𝑟𝑖𝛼‖, 𝑡) ≔ −∇𝑟𝑖𝛼𝑊𝑖𝛼(‖𝑟𝑖𝛼‖, 𝑡) 
The main difference is that the attractive ‖𝑓𝑖𝛼‖ is normally 
decreasing with time 𝑡 since the interest is declining. Social force 
model is quite successful to describing the pedestrian behaviors 
in computer simulation research. These model can be used as the 
basis for modeling crowd traffic model.  
III. Literature Review 
In order to answer the challenge of how to build a vehicle 
movement model in crowd situation which move irregularly and 
did not based on lane disciplines (road markings), this section 
will presented the literatures about modeling mixed traffic using 
Social Force Model. 
Helbing (1999) trying to build a generic model of a social 
force to be applied in the traffic system in order to make effort to 
help create an optimal traffic without accidents [10]. SFM for 
the development of model vehicles are already being developed 
in the year 2011 [5] and 2013 [6], where SFM is used for 
modeling the movement of motorcycles in Vietnam. 
Furthermore there is also analyzing the movement of bicycles 
and cars at the traffic heterogeneous SFM approach in the 
evaluation of the risk of collision that occurred [5].  
Nguyen (2011) tried to model the movement of motorcycles 
in traffic conditions using a heterogeneous social force model 
into several sections: acceleration force, the repulsive force of 
other drivers, the repulsive force of the border and the angle of 
sight. Here are the equations for the social force model for a 
vehicle α. 
Acceleration force 
?⃗?𝛼
𝐴 =
1
𝜏𝛼
(𝑣𝛼
0𝑒𝛼 − ?⃗?𝛼) 
𝑣𝛼
0  : desired speed 
𝑒𝛼  : desired direction, where ‖𝑒𝛼 ‖ = 1 
?⃗?𝛼  : actual speed 
𝜏𝛼  : relaxation time 
Repulsive force of other driver (𝜷) 
?⃗?𝛼𝛽
𝑅 = 𝑉𝛼𝛽(𝑏(𝑟𝛼𝛽)) 
𝑟𝛼𝛽  : 𝑟𝛼 − 𝑟𝛽 
𝑉𝛼𝛽  : equipotential lines  
 
 
Figure 2. Equipotensial lines of repulsive force [5] 
Where: 
‖𝑟𝛼 − 𝑟𝛽‖ + ‖𝑟𝛼 − 𝑟𝛽 − (?⃗?𝛽 − ?⃗?𝛼)∆𝑡‖
= 2√𝑏2 + (
1
2
‖?⃗?𝛽 − ?⃗?𝛼‖∆𝑡)2 = 𝑐𝑜𝑛𝑠𝑡 
𝑏 =
1
2
√(‖𝑟𝛼 − 𝑟𝛽‖ + ‖𝑟𝛼 − 𝑟𝛽 − (𝑣𝛽 − 𝑣𝛼)∆𝑡‖)2 − (‖𝑣𝛽 − 𝑣𝛼‖∆𝑡)2 
 
Repulsive force of border (B) 
?⃗?𝛼
𝐵 = 𝑈𝛼𝐵(‖𝑟𝛼𝐵‖) 
‖𝑟𝛼𝐵‖  : ‖𝑟𝛼 − 𝑟𝐵‖ 
𝑈𝛼𝐵  : repulsive function 
 
Angle of sight 
 
Figure 3.  Angle of sight for motorcycle [5] 
 
In this study, a motorist can see objects in the viewing angle 
which shown in Figure 3. Therefore, repulsive force should be 
hold for the situation in angle of sight φ and has a weaker 
influence  c (0 < c < 1) for a  situation located behind the driver. 
At this equation added weight factor w which describes the 
effects expressed in the following equation . 
 
𝑤 = {
1,   𝑖𝑓   𝑟𝛼𝛽𝑒 ≥ ‖𝑟𝛼𝛽‖ cos 𝜑
𝑐,                               𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 
 
Where:  𝑟𝛼𝛽𝑒 = ‖𝑟𝛼𝛽‖‖𝑒‖ cos(𝑟𝛼𝛽 , 𝑒) = ‖𝑟𝛼𝛽‖ cos(𝑟𝛼𝛽 , 𝑒)  
 
(5) 
(6) 
(7) 
(3) 
(4) 
(8) 
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Therefore, the equation (8) means that if motorcycle 
β((𝑟𝛼𝛽 , 𝑒) ≤ 𝜑), weight factor is equal to 1. If motorcycle 𝛽 is 
out of the angle sight ((𝑟𝛼𝛽 , 𝑒) > 𝜑), weight factor become c. 
Use the weight factor to modify Equation (6) for calculating 
repulsive force of other vehicle as follows.  
 
?⃗?𝛼𝛽
𝑅 = 𝑤𝑉𝛼𝛽(𝑏(𝑟𝛼𝛽)) 
 
After describing behavior of motorcycles by equations of 
social forces, Nguyen derive equation of motion for one 
motorcycle. Equation of motion is defined as the total of social 
forces which are equal to the change of actual speed ?⃗?𝛼 within a 
certain time 𝑑𝑡.  
 
𝑑?⃗⃗?𝛼
𝑑𝑡
= ?⃗?𝛼
𝐴 + ∑ ?⃗?𝛼𝛽
𝑅
𝛽 +∑ ?⃗?𝛼
𝐵
𝐵 +Fluctuations 
 
The term fluctuation in Equation 10 is to show there are other 
behaviors that can not be measured.  
After Nguyen develop research modeling the movement of 
the motor using SFM, Huynh (2013) proposed a Social Force 
Model to describe a traffic performance at signalized 
intersection which motorcycles contribute to a dominant rate of 
the total traffic composition. Different with the other research, 
Huynh was adding attractive force for motorcycle grouping. In 
case of crowded traffic, when entering the intersection, vehicles 
that move in the same direction tend to make a groups. This 
groups make the driver get more confident and more powerful to 
cross the intersection as soon as possible. This phenomenon can 
be explained by assuming that the targeted vehicle is attracted 
by the preceding vehicle or vehicles. The attractive force 
increases as the distances between the object vehicle or 
preceding vehicle increases.  
In this study, Huynh modeling mixed traffic which 
composition are motorcycle, car and bus. The equation for 
modeling acceleration force and repulsive force were same with 
the previous research which developed by Nguyen (2011). Here 
the equation for modeling the vehicle behavior for mixed traffic 
[6]. 
Acceleration Force 
 
?⃗?𝛼
0(?⃗?𝛼; 𝑣𝛼
0𝑒𝛼) =
1
𝜏𝛼
(𝑣𝛼
0𝑒𝛼 − ?⃗?𝛼) 
 
Repulsive Forces from Other Vehicles 
 
𝑓𝛼
𝛽
(𝑟𝛼𝛽(𝑡)) = −∇𝛼𝛽𝑉𝛼𝛽[𝑏(𝑟𝛼𝛽(𝑡)] 
𝑓𝛼
𝛽
= 𝐴𝛼𝛽𝑒
−𝑏
𝐵𝛼𝛽?⃗?𝛼𝛽 
 
Repulsive Force from other Border 
 
𝑓𝛼𝐵 = 𝐴𝛼𝐵𝑒
𝑟𝛼−𝑑𝛼𝐵
𝐵𝛼𝐵 ?⃗?𝛼𝐵 
 
Attractive Force from the Leading Vehicle 
 
𝑊𝛼𝑖 = 𝐶𝛼𝑖𝑒
𝑑𝛼𝑈−(𝑟𝛼+𝑟𝑖)
𝐷𝛼𝑖 ?⃗?𝛼𝑖 
 
 
Huynh also adding the angle of sight as a factor to 
demonstrate different impacts of influential vehicles to the 
targeted vehicle depending on the position between them. The 
impact of a rear vehicle is smaller than the one in front of the 
targeted vehicle. To capture this influence, a factor 𝑤 (0 < 𝑤 <
1) is introduced in Equation (15). 
 
𝑤𝛼𝑈 = 𝜆𝛼𝑈 + (1 − 𝜆𝛼𝑈)
1 + cos(𝜑𝛼𝑈)
2
 
 
In Equation (15), 𝑤 depends on the angle of sight between 
the last direction of movement of the targeted vehicle and the 
position of the influencing vehicle and the parameter kambda, 
which represents the impact strength of the influential vehicle. If 
𝜑 = 0, 𝑤  becomes 1 regardless of lambda value. This means 
that the vehicle directly ahead of the targeted vehicle has the 
highest impact strength. If  𝜆 = 1, then 𝑤 = 1, this leads to the 
fact that the influential vehicle at any position will have the 
same impact strength on the targeted vehicle (this is not 
realistic). In case 𝜆 = 0, 𝑤 = (1 + cos𝜑)/2, the impact 
strength will be more exact. All the vehicles at the back of the 
targeted vehicle will have no impact.            
IV. Conclution 
From the study literature that has been described previously, 
it can be concluded that SFM approach can be used optimally to 
model the vehicle movement for mixed traffic condition. The 
survey show that each country has a uniqueness in their traffic. 
Detailed below are some of the key issues that should be 
considered in the use of modeling mixed traffic based on SFM.  
 Psychology of Driver. The mixed traffic stream will 
influenced by maneuver made from the vehicle. The 
maneuver will based on the driver decision, it means the 
psychology of the diver is become important for decision 
making process. One of the primary limitations of existing 
SFM for traffic is that they fail to capture driver psychology 
in their model. 
 Pedestrian as a dominant factor in mixed traffic. We cannot 
ignore that pedestrian quite dominant in mixed traffic, 
especially in Indonesian traffic. The presence of pedestrian 
will give much influenced for the mixed traffic, especially in 
crowd and hectic situation.  
 Crowd Traffic Situation. Based on the existing model, the 
scope of traffic not include for crowd traffic situation. In 
(9) 
(10) 
(11) 
(14) 
(13) 
(12) 
(15) 
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Indonesia,  the traffic were tend to become crowd at certain 
time, such as in peak hour.  
 Interaction between vehicle modeled by SFM separately. 
Based upon the existing model, the research never combines 
all type of vehicle together. Whereas, mixed traffic is consist 
of may type of vehicle and pedestrians also. There will be 
many interactions between them.  
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